Backgound: Puumala hantavirus (PUUV) causes hemorrhagic fever with renal syndrome characterized by thrombocytopenia, capillary leakage and acute kidney injury (AKI) with proteinuria and hematuria. Although the typical histologic lesion is acute tubulointerstitial nephritis, the amount of glomerular proteinuria predicts the severity of upcoming AKI. Here we studied the associations of hematuria and proteinuria with the severity of emerging AKI, thrombocytopenia, and markers of coagulation and fibrinolysis in PUUV infection.
Introduction
(F1+2, a monoclonal enzyme immunoassay Enzygnost F1+2, Siemens Healthcare Diagnostics) were also assessed in the same 43 patients.
In 70 patients, urine collection was started on the first evening of hospital care and continued for 3 days. The nightly collection period was from the time of the last voiding at bedtime until the last voiding on rising. The 24-hour collection commenced immediately thereafter. The 24-hour urinary protein excretion was measured by the pyrogallol red molybdate method (Olli C.; Kone Instruments, Helsinki, Finland) until 1998, then by using Cobas Integra (Roche diagnostics) until 2008, and thereafter using Cobas 8000 analyzer (Roche diagnostics). Timed overnight urinary excretion of albumin and a1-microglobubulin was measured using nephelometry (Behring Nephelometer II Analyzer, Behringwerke AG, Marburg, Germany).
Other analytical procedures were performed using routine automated chemistry analyzers.
The highest and lowest values of the variables measured during hospitalization for each patient were designated as the maximum and minimum values, respectively. All laboratory determinations were performed by the laboratory Centre of the Pirkanmaa Hospital District (later named Fimlab Laboratories), Tampere, Finland.
Statistical analyses
Medians and ranges were given for skewed continuous variables and numbers and percentages for categorical variables. Spearman's rank correlations were calculated. Categorical data were analyzed using the x 2 test or the Fisher's exact test, and groups were compared using the Mann-Whitney U-test or the Kruskal-Wallis test, as appropriate. All tests were two-sided, and the analyses were performed using SPSS (version 20) statistical software (IBM, Chicago, IL).
Results
The clinical characteristics and laboratory findings of the patients have been described earlier [15] . The patients were admitted to the hospital median 4 (range 1-15) days after the onset of fever.
Median duration of the hospital stay was 6 (range 2-25) days. Six patients (3%) were in clinical shock at admission, while 9 patients (4%) needed renal replacement therapy during hospitalization.
All patients recovered.
Altogether 177 patients (86%) had hematuria detected by dipstick test (1-3+) at admission. In 94 patients (46%) hematuria was mild, categorized as 1+, while 83 patients (40%) had grade 2-3+
hematuria. In 189 patients (92%) also urine sediment was examined. The amount of erythrocytes in the sediment was elevated (>2/high power field) in 122 (65%) patients.
The degree of hematuria assessed by dipstick associated with the severity of AKI. Figure 1 shows the association of the degree of dipstick-verified hematuria with maximum plasma creatinine level. Also, the amount of erythrocytes in the sediment correlated slightly with the severity of AKI (r=0.168 for correlation with maximum plasma creatinine, p=0.021). The associations of dipstickverified hematuria with various clinical and laboratory variables are shown in Table I . Patients with more pronounced hematuria had greater change in weight during hospitalization (reflects fluid retention during the oliguric phase), lower minimum urinary output, and higher maximum plasma creatinine and urea concentrations. Patients with higher degree of hematuria also had lower minimum albumin and sodium concentrations, and lower minimum hematocrit. The inflammatory variables C-reactive protein (CRP) and leukocyte count did not associate with the amount of dipstick-verified hematuria. Higher dipstick-verified hematuria associated with greater urinary excretions of 24-hour protein and overnight albumin, but not with that of overnight urinary α1-microglobulin (i.e. tubular proteinuria) (Table I ).
There was no association of dipstick-verified hematuria with thrombocytopenia. The coagulation and fibrinolysis markers fibrinogen, prothrombin fragments F1+2, and d-dimer had no association with the amount of hematuria assessed by dipstick (Table I) Table I ).
The amount of dipstick-verified hematuria (grading 0-3+) was associated with the amount of dipstick-verified albuminuria (grading 0-3+) (p<0.001). Out of the patients, 57% with grade 3+ hematuria had also grade 3+ albuminuria, whereas none of the patients without dipstick-verified hematuria (grade 0) had grade 3+ albuminuria. The amount of dipstick-verified hematuria did not associate with the amount of dipstick-verified leukocyturia (p=0.749).
To further examine the associations of dipstick-verified hematuria with the severity of AKI, Thereafter, we divided the patients into three groups according to the combined results of these two dipstick tests: 0-2+ (58 patients), 3-4+ (100 patients), and 5-6+ (47 patients) (Table II) . Higher number of positive results in these two tests was associated with more severe upcoming AKI, and the patients stayed longer at the hospital. Overnight urinary albumin excretion also associated with higher number of positive results in the dipstick tests. Blood platelet level or the coagulation and fibrinolysis markers did not associate with the combined number of positive dipstick test results.
Discussion
To our knowledge this is the first study in which hematuria was systematically examined with respect to the severity of the emerging AKI and glomerular and tubular proteinuria during hantavirus infection, and the possible relation to laboratory findings reflecting hemostasis was also addressed.
The present study showed that hematuria in acute PUUV hantavirus infection was associated with the
Furthermore, this study pointed out that when evaluating the severity of the developing AKI, both dipstick-verified hematuria and albuminuria should be considered.
Hematuria was detected by dipstick test in 86% of the 205 patients in the present study. This is well in line with previous findings, where microscopic hematuria was found in the majority, 58-94%, and gross hematuria in 3% of patients with PUUV infection [3, 5, 11, 14] . Altogether, hematuria is far more common in NE than in other types of acute tubulointerstitial nephritis, in which only about one-third of the patients present with hematuria [20] .
We found that the degree of hematuria detected by dipstick test was associated with the severity of the upcoming AKI. The degree of dipstick-verified hematuria also associated with albuminuria measured by dipstick, 24-hour urine protein excretion, and overnight albumin excretion. Dipstickverified hematuria did not associate with overnight α1-microglobulin excretion. Recently, we found that glomerular proteinuria, but not tubular proteinuria (α1-microglobulin), predicted the severity of AKI in NE [15] . More pronounced dipstick-verified hematuria was related to greater change in body weight, as well as lower minimum hematocrit, albumin, and sodium levels. All of these variables probably reflect fluid retention during the oliguric phase of PUUV infection, and they can be considered as consequences of more severe AKI.
Previously, a slight but significant correlation between the degree of microscopic hematuria and maximum creatinine level in PUUV infection was reported, in agreement with the present results [12] . Hematuria has also been associated with the development of polyuria, a typical sign of renal involvement in PUUV infection [21] . Furthermore, in HFRS caused by Hantaan virus, the presence of microscopic hematuria associates with the risk for developing oliguric AKI [22] . On the other hand, in a study aimed at identifying patients who were at lower risk of developing severe AKI, hematuria was not found to be a risk factor for severe AKI when compared with mild to moderate AKI [23] . However, the research approach was different from our study and the number of patients was lower, which may explain the divergent results.
In the present study, the amount of hematuria verified by dipstick test was not associated with inflammatory markers, i.e. blood leukocyte and CRP levels. Moreover, hematuria did not associate with the levels of blood platelets or markers of coagulation and fibrinolysis. In concordance with the present results, a previous German study did not find a difference in the presence of hematuria between patients with severe and non-severe thrombocytopenia [24] . PUUV infection is a HFRS with mild bleeding tendency. However, some bleeding manifestations, e.g. conjunctival bleeding, epistaxis, or petecchiae, occur in about one-third of the patients [3] . There are also case reports of serious bleedings, such as hypophyseal hemorrhages [25] , while medullary hemorrhages are common findings in renal biopsy specimens [12] . In theory, hematuria could well be a sign of bleeding tendency in this HFRS, but our findings suggest that this is not the case. In our previous study, thrombocytopenia was not found to associate with AKI [16] . This is in line with the findings of the present study, where hematuria associated with AKI, but not with thrombocytopenia.
Previously, the amount of hematuria has not been found to be related to the extent of renal histologic findings [12] . It cannot be, however, excluded that medullary hemorrhages contribute to the occurrence of hematuria during PUUV infection. When evaluating previous results regarding the relationship between the amount of hematuria and findings in renal biopsies, it must be taken into account that kidney biopsies have usually been performed after the acute-phase thrombocytopenia has resolved to avoid biopsy-related bleeding complications. Urine samples, on the contrary, have typically been collected already on admission to the hospital. Thus, the timing of the biopsies may have influenced the results.
The amount of erythrocytes in urine sediment was associated with dipstick-verified hematuria.
Urine sediment erythrocyte count also correlated with the severity of AKI, but not with platelet count or the levels of the markers of coagulation and fibrinolysis. Thus, hematuria measured using this method provided corresponding results to the semi-quantitative dipstick hematuria test.
The significance of combined positive results for dipstick-verified hematuria and albuminuria was also analyzed. Higher number of positive results in these two tests was associated with higher plasma concentration of maximum creatinine. The minimum hematocrit, albumin, and sodium concentrations were, in turn, lower with higher number of positive dipstick tests, probably reflecting fluid retention and the severity of AKI. When evaluating the significance of hematuria and albuminuria together, the predictive value for the upcoming AKI was even better than that of hematuria alone. Blood platelet count or the levels of coagulation and fibrinolysis markers did not associate with the number of positive dipstick test results, and also failed to predict the severity of AKI in this patient population.
In conclusion, the number of combined positive results in urine hemoglobin and albumin dipstick tests at hospital admission predicted the severity of the upcoming AKI during acute PUUV hantavirus infection. Hematuria alone was associated with the severity of AKI, but not with the severity of the emerging thrombocytopenia. This suggests that hematuria did not indicate higher bleeding tendency, but was rather a marker of kidney injury during acute hantavirus infection. Foundation. The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.
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